The Vernier operation with signal flow graph (SFG) is a graphical approach for analyzing the intricate photonic circuits mathematically and quick calculation of optical transfer function. Analysis of a cascaded microring resonators (CMRR) made of InGaAsP/InP semiconductor is presented using the signal flow graph (SFG) method which enables modelling the transfer function of the passive CMRR. These passive filters are mostly characterized by their frequency response. The theoretical calculations of the system is performed by the Vernier effects analysis. Two MRRs with radius of 100 µm which are vertically coupled together are used to generate resonant peaks. Here, the phase, dispersion and group delay of the generated signals are analyzed.
INTRODUCTION
The microring resonator (MRR) use light and follow the principles behind constructive interference and total internal reflection [1] . When light of the resonant wavelength is passed through the system from the input port, it builds up in intensity over multiple round-trips due to constructive interference and is output to the output port which serves as a detector waveguide [2] . The optical MRR functions as a filter because only a select few wavelengths will be at resonance within the loop [3] . The MRR can be integrated with two or more ring waveguides to form an add-drop filter system [4] . Optical filters are designed based on electromagnetic models to solve the fields in the frequency/wavelength or time domain [5] . Optical filter is generally acted as an interferometer which cleaves the input signal into several paths with delaying, recombining and wavelength independent approach [6, 7] . The variation in splitting and recombining ratios and delays leads to change in the frequency response [8] . These filters are mostly characterized by their frequency response [9] . In the context of signal processing, several analytical methods, such as the scattering matrix method and the transfer-matrix-chain-matrix algebraic method have been introduced to determine optical filter transfer functions in the Z-domain [10] . The Vernier operation with signal flow graph (SFG) method is a graphical approach [11] for analyzing the intricate photonic circuits and quick calculation of optical transfer function [12] . The SFG technique has some distinct advantages such as the graphical representation of signals behavior with the optical system. It is able to provide simple and a systematic technique of controlling the system's variables.
THEORETICAL BACKGROUND
The mathematics solution of the MRR system is based on the Vernier effect calculations for the CMRR.
A resonating layout including a double stage MRR with 2 × 2 optical couplers which are vertically coupled together is shown in Figure 1 ...
Here i L is the transmittance gain of the i t h loop. The SFG for our proposed system is illustrated in Figure 1 f is the design (center) frequency [13] .
The FSR of the CMRR with different radii can be determined by [14]
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To obtain optimum coupling for higher transmission in drop port, we supposed that the input signal is totally coupled into the ring resonator and the transmission in through port is zero, (1
where i  represent the intensity insertion loss coefficients for couplers between rings and the bus waveguides [4, 17] .
RESULTS AND DISCUSSION
Two MRRs with radius of 100 µm which are vertically coupled together are used to generate resonant peaks as shown in Figure 2 
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. An often-used component in microring-based optical circuitry is the directional coupler-a twin waveguide structure used to couple a fraction of light from one waveguide to another [21] . Directional couplers are used to transfer light into and out of a MRR, and can be designed with a high degree of accuracy [22] . The coupling coefficients are selected to As the resonators are weakly coupled, an optical signal in the structure effectively takes a longer time to tunnel from resonator to resonator. We coupled light into the device by butt coupling a single-mode fiber to the facet. Figure 3(a-b) shows the through port phase response versus the wavelength and frequency respectively. Dispersion measures the rate of change of the group delay regarding to the wavelength. Several factors contributors to dispersion [23, 24] . There is waveguide dispersion due to the fact that the electromagnetic wave is constrained to propagate in a guide of a given shape and cross sectional area. There is material dispersion due to the fact that the refractive indices involved are wavelength dependent. There is intermodal dispersion caused by the mixing of modes in a multi-mode system that is of no concern under singlemode operation [25] . Finally there is structural dispersion that is determined by the architecture of the filter. The dispersion responses of the through port of the CMRR is shown in Figure 5 . The dispersion response of the through port reference to the drop port of the CMRR is shown in Figure 6 . Figure 7 shows the dispersion responses of the drop port reference to the input port of the CMRR. Figure 8(a-b) shows the group delay of the drop port reference to the input port versus wavelength and frequency respectively, where Figure 9 shows the group delay reference to the through port versus wavelength and frequency respectively. The performance of the passive ring resonators for filter application is limited by the internal losses. The incorporating of a semiconductor optical fiber (SOA) enables additional functionality such as the compensation of internal losses. Thus, the combination of a passive and active material enables the possibility to realize ring resonators with integrated SOA similar to the fiber optic filters with erbium-doped fiber amplifiers (EDFA), for improved filter performance of multi coupled ring resonator devices.
CONCLUSION
A cascaded microring resonator (CMRR) is presented to show and analyze the phase, dispersion and group delay responses. This system consists of two MRRs vertically coupled which have the same radius. The input laser pulse is used to propagate within the MRR system. This system act as add/drop MRR system so that the spectrum of the input pulse will experiences the constructive and destructive interferences. The mathematics solution of the system is performed using the Vernier effect, where the signal flow graph (SFG) is used to analyze the complex photonic circuits mathematically.
